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Abstract 
A one-cycle controlled single-phase full-bridge DC-AC inverter is proposed. One-cycle control is a nonlinear control 
method which has fast transient response and good tracking performance. The one-cycle control immunizes the 
inverter against the perturbation of input dc bus and provides well system dynamic regulation with hybrid sinusoidal 
PWM control. The basic operational theory and control method are discussed in this paper. Finally, simulation 
waveforms and experimental results are given. The simulation and experimental results demonstrate the effectiveness 
of this control technique for inverters in UPS applications, especially when nonlinear loads must to be supplied and 
line has large undesirable harmonic components.                                  
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1.  Introduction 
The uninterruptible power supply has become an important equipment for electronic apparatus. Low 
distortions in the output voltage of a UPS inverter and fast dynamic response in presence of unknown 
distorting loads are the main attributes of any high performance inverter. The UPS applications require a 
pure sinusoidal waveform with a specified frequency and amplitude in presence of highly nonlinear loads 
such as diode or thyristor rectifiers with electrolytic capacitors.  
The conventional controllers for UPS are based on linear theory Such as PI controllers, deadbeat 
controllers [1-3]. Nevertheless, by using this linear controller, it is difficult to know the stability bounds, 
and to impose a proper transient response in front of external disturbances. 
In order to improve these inherent limitations, different nonlinear control techniques has been used in 
PWM inverters. The sliding mode control [4] offers robustness against external disturbances and 
parameter variations. However, the switching frequency is variable in a wide range and the chattering 
problem must be carefully taken into account. Repetitive control methods have received a lot of attention 
Available online at www.sciencedirect.com
2 li   lsevier B.V. Selection and/or pee -review under responsibility of Garry Lee
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
 Li Xiangli and Qi Hanhong /  Physics Procedia  25 ( 2012 )  1048 – 1054 1049
due to their property of removing periodic disturbances [5]. Unfortunately, the repetitive controller 
requires a quite complicated compensation network to ensure stability. Additionally, the repetitive 
controllers are known to be slow and they are effective only if the disturbance is a harmonic response 
stretches for many fundamental cycles. 
One-cycle control is a typical nonlinear control technology. It has rapid dynamic response and track 
performance [6-8].  
In this paper, a one-cycle controller is proposed for a single-phase UPS inverter. The performances of 
the inverter are: constant frequency, robustness against load changes and input voltage variation, fast 
transient response and low output THD. 
2. Work principle 
The one-cycled controlled inverter is constructed in Fig 1. A hybrid PWM technique is used to reduce 
significantly the switching losses [9]. In this scheme, two of four switches are commuted at a high 
frequency, while the other two switches at the output voltage frequency.  
The principle of operation as follows, it has two work modes:  
 (1) When reference voltage is at negative portion of the sine, the output voltage of comparator A3 is 
“high”, switching S1 on and S2 off. At the same time, at the beginning of every switching cycle, when the 
rising edge of pulse signal reaches, output of the trigger changes to “high”, switching S4 on and S3 off.  
Now the sampling voltage pv is “high”, the integrator begins to work, the output voltage of A1 is 
increasing in backward, until the output voltage equals to reference voltage. 
(2) When the output voltage of A1 equals to reference voltage, the output voltage of A2 changes to 
“high” It makes the trigger reset, so the switching S3 turn on and S4 turn off. And the same time, the 
integrator changes resets and stops integrating, waiting for the next cycle come. 
When the reference voltage is at positive portion of the sine, the principle of operation is similar to the 
negative. It is shown in Fig 2. 
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Fig. 1 Closed-loop system control diagram 
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Fig.2 Operation waveforms of one-cycle controlled inverter for hybrid PWM 
3.  Implementation of the proposed control 
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Fig.3 Control system block of OOC with HPWM        
Fig 3 is the system block of the presented. The transfer function of the compensator is 1( )H s , and the 
gain of the feedback transfer function 2 ( )H s  is a constant value of 0k .The gain of power stage is define 
as ( ) /P ok kG s v d#  , given as follows  
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The dynamic equation of one cycle control is obtained based on its definition: 
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Suppose the one-cycle controlled integrator operates around the steady-state point, bV ǃ inV ǃ
and kD with small-signal perturbation, hence we define 
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The frequency response of )s(H)s(G)s(G 2cP   is presented in Fig.4 by Bode plot technique.  We can find 
that the system has small low-frequency gain and large steady-state error. With the K-factor method [10], 
the type 3 compensator is used and we have: 
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The closed-loop frequency response is shown in fig 5. The Cut-off frequency of presented system is 
15Krad/sec and Phase margin is 300 
 
Fig.4 Bode diagram of the open loop system )s(H)s(G)s(G 2cP  
 
Fig.5 The closed-loop frequency responseʳ
ˇ. Simulation of the Circuit 
To verify the validity of theoretical analysis, a simulate experiment is carried out. The input DC 
voltage is set as 250V. The filtering elements are designed as: L1=5mH, C1=20uF. The integrator 
elements are designed as Ci=5nF, Ri=20k: .Switching frequency is 20 kHz. The load resistance is set as 
R1=10: . 
1052   Li Xiangli and Qi Hanhong /  Physics Procedia  25 ( 2012 )  1048 – 1054 
Fig.6 shows the driving signal of high frequency 3sv  and the integrator signal intv .Fig.8 Shows output 
voltage and current waveforms for nonlinear which consists of a full-wave diode bridge. Fig.9 shows the 
output voltage transient response for input voltage variations. As it can seen, high robustness against 
input voltage changes are obtained. The reason for this is that filter input-voltage is sensed in the control 
loop. Fig.10 depicts the transient response for output voltage and the output current for load step changes 
from 10A to 1A and back to 10A. As it can be seen, low sensitivity of the output voltage against load 
changes is obtained. 
 
Fig.6 Waveforms of driving signal of high frequency ( 3sv ) and the integrator signal ( intv ) 
 
 
Fig.7 Output voltage and current waveforms for resistive load 
 
    
 
Fig.8 Output voltage waveforms for nonlinear load 
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Fig.9 Transient response for input voltage variation 
 
Fig.10 Transient response for load variation step change 
4. Experimental Results 
According to mentioned simulation is indicates that parameters, an experiment prototype is designed. 
The results of experiment are as follows. Fig11 shows sampling voltage and integrator voltage waveform. 
Fig.12 shows output voltage and reference voltage waveform. 
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Fig.11 Waveforms of  sampling voltage( pv ) and integrator voltage signal ( intv ) 
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Fig.12 Waveforms of output voltage and reference voltage 
5. Conclusion 
A one-cycle controlled single-phase inverter applied to UPS is presented. Theoretical analysis and 
experimental result indicates that the proposed control method is suitable for the UPS application. The 
prominent performances are high rejection of large line disturbances, robustness against load variations 
and good quality of the output voltage when supplying nonlinear loads. Besides, the control circuit is 
simple and easy to implement, so it can reduce the cost. 
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